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ABSTRACT
The purpose of this study was to investigate the effects of 
lumbar facet joint dysfunction on individual trunk movement char­
acteristics, as measured by coitputerized range of motion testing 
on asynptomatic subjects. A sample of 40 subjects was examined 
for lumbar facet joint dysfunction via palpatory exam and placed 
into two groups. Group one consisted of subjects with 0-2 levels 
of lumbar facet joint dysfunction. Group 2 consisted of subjects 
with greater than 2 levels of lumbar facet joint dysfunction.
Each performed all planes of trunk range of motion without resis­
tance and at 25% of their maximal isometric strength. The null 
hypothesis tested for no difference in trunk movement character­
istics between the two groups. The mean values for trunk move­
ment were analyzed using a nonindependent sample t test; the null 
hypothesis was accepted at the .05 level.
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CHAPTER 1 
INTRODUCTION
Based on epidemiologic studies, low back pain (LBP) is a 
common complaint affecting 80% of the population (9,41). The 
prevalence and financial impact of LBP make it the most serious 
and expensive occupational health problem in industrialized 
countries (24). Functional characteristics which may contribute 
to an individual's LBP have received considerable attention 
(1,2,48). Computerized range of motion (RCM) testing has also 
become a focus for researchers and clinicians (35). However, 
despite much research, the specific causes of LBP remain a 
mystery.
One technological development designed to improve the 
objectivity of clinical assessment of patients with LBP is the 
Isostation B-200. This device provides objective information on 
trunk range of motion, strength of trunk muscles, and velocity of 
trunk muscle contraction. McIntyre et al (3) found that both 
normal subjects and LBP patients adapted to a consistent low back 
movement pattern which portrayed certain measurable movement 
characteristics. These authors further hypothesized that either 
mechanical and/or pain-induced movement restrictions alter the 
degrees of freedom of motion available to LBP patients. This
2would result in a consistent reproducible effect on movement 
characteristics specific to the individual's adaptation to the 
dysfunction.
Gomez et al (1) , utilizing the Isostation B-200, found trunk 
RCM to be significantly reduced in patients suffering from LBP. 
Gomez supports the belief that asymmetry of trunk motion plays a 
significant role in the development and presentation of LBP.
It is evident that individuals suffering from LBP present 
with asymmetrical characteristics in their trunk movements. To 
date, the specific effects of facet joint dysfunction on low back 
movement characteristics have received little attention. Iso­
lating the specific causes of LBP is critical in decreasing the 
debilitating effects of this far too common diagnosis. It is, 
therefore, the purpose of this study to investigate the effects 
of facet joint dysfunction on individual trunk movement charac­
teristics as measured by computerized RQVI testing on asymptomatic 
subjects.
CHAPTER 2 
REVIEW OF LITERATURE
Despite its high prevalence, LBP is poorly understood 
(6,7,8,23,36,37,43). In fact, the incidence of LBP appears to be 
increasing despite the knowledge gained regarding pathogenesis 
and management (17,19). LBP affects up to 85% of the American 
population at some time during their lives. This places an enor­
mous economic burden within the United States in excess of $13 
billion per year (30). Present knowledge raises doubt regarding 
the possibility of preventing further increases in the incidence 
of LBP (9). Accurate diagnoses and objective evaluation tools are 
needed in order to better address the problem of LBP (23).
OVERVIEW OF ANATCMICAL SOURŒS OF LBP
In the process of isolating the cause of LBP, different back 
structures have been researched. The lumbar facet joints are 
frequently cited as a major source of LBP. Nachemson (43) holds 
the belief that hypertrophic facet arthritis causes both stenosis 
and nerve root entrapment. Toumade et al (30) carried out a 
study to facilitate recognition of facet joint lesions. They 
suggest that the facet joint, with its highly innervated joint 
capsule, is a frequently overlooked cause of LBP. Irritation of 
the capsule could well produce painful stimuli which may cause
4referred back pain. Their findings from arthrography on 25 
embalmed cadavers aged 25-78 years showed significant joint 
changes, particularly in the synovial villi and in distension of 
the medial or lateral joint recesses. Nine cadavers ranging in 
age from 21 to 95 were examined by Zu et al (29). Extensions of 
the facet joint space along both the dorsal and medial aspects of 
the lumbar facet joint were revealed using magnetic resonance 
imaging (MRI). Giles (31) examined 16 cadavers aged 59-92. He 
histologically identified several soft tissue structures that 
could be involved in LBP. These structures include : the large 
intraarticular synovial folds of the zygapophyseal joints, the 
fibrous joint capsule tissues which become attached by adhesions 
to the adjacent hyaline articular cartilage, the blood vessels 
within the intervertébral foramen which are distorted and trac- 
tioned, the neural structures which become attached by adhesions 
to densely fibrotic intraarticular synovial folds, and the neural 
structures affected by stenosis of the intervertébral foramen due 
to thickening of the ligamentum flavum with or without adjacent 
posterolateral intervertébral disc herniation. Nachemson (42) 
found that pre-operative back symptoms could be reproduced post­
operative ly only by irritation to the posterior part of the 
annulus fibrosis and the nerve root proper.
Ahmed et al (32) investigated the effects of lumbar facet 
joint geometry on axial torque rotation using 35 lumbar spines 
obtained at autopsy. No correlation between facet joint geometry 
and the axial torque-rotation response was found. They concluded
5that a correlation between unilateral disc protrusion and facet 
asymmetry was unlikely to be associated with excessive axial 
rotation. Asymmetry is defined as lack of equal facet alignment 
of a vertebral segment. Cassidy et al (38) looked at 136 pa­
tients with lumbar disc herniation in relation to facet joint 
asymmetry and concluded that facet asymmetry is not associated 
with lumbar intervertébral disc herniation. Their study, along 
with that of Ahmed et al (32), does not support the hypothesis 
that facet asymmetry is associated with lumbar intervertébral 
disc herniation.
Gunzburg et al (27) used computerized axial tomography (CT) 
to measure facet joint obliquity. Eight symptom-free males and 
eight males with LBP were examined. The conclusions revealed that 
a difference of at least 10% between measurements of left and 
right facet joint obliquity is required before a diagnosis of 
facet joint asymmetry is made. A study by Cox et al (33) was 
performed to determine if facet tropism was a predictor of LBP. 
Asymmetrical orientation of the articular facets has been pro­
posed as a cause of abnormal spinal motion and may be a predis­
position to low back and sciatic pain syndromes. They compared 
the accuracy of plain film x-ray to CT in assessing facet orien­
tation and the validity of the diagnosis of facet tropism.
Twenty patients with LBP and sciatica were examined. They found 
that tropism was diagnosed more often using plain film x-ray than 
with CT examination.
6Revel et al (14) found radiographie facet joint changes to 
be nonspecific since they are almost always present in adults. 
They observed a decrease in LBP originating from the facet joints 
following injection of anesthetic at the levels of the inter- 
vertebral spaces involved. Lilius et al (25) however, found no 
benefit from injecting cortisone with a local anesthetic into the 
facet joints when compared to the injection of saline. Jackson 
(26) concurs with the findings of Lilius et al (25) and states 
that the facet is not a common or clear source of pain. Deyo 
(28) suggested that Lilius and his colleagues obtained poor re­
sults due to the fact that many of the patients had sources of 
pain other than the facet joints, or because corticosteroid in­
jections are inefficacious even when facet joints are the source 
of pain.
Degeneration of the spine is a common occurrence and begins 
at an early age, as noted by Butler et al (40). The etiology of 
degeneration is rarely identified although in certain circum­
stances it is clearly accelerated by injuries or deformity.
Butler et al examined the prevalence of facet joint osteoarth­
ritis and disc degeneration in subjects in whom both MRI and CT 
scans had been obtained and the relationship between the two. 
They concluded that the nature of the degenerative process 
differs between discs and facets. The disc is a fibrocarti­
laginous joint allowing motion in all directions. The facet 
joints are synovial joints which restrict motion by their 
geometry, their orientation and their capsular restraints. The
7orientation of the lumbar facet joints is particularly suited to 
restrict rotation. Biomechanically, it has been clearly shown 
that a change in disc height influences the load on the facet 
joints. Their data indicated the following: 1) disc degeneration 
occurs before facet osteoarthritis and thus supports the idea 
that osteoarthritis is secondary to changes in the disc; 2) disc 
degeneration often occurs without facet arthritis; 3) facet 
osteoarthritis occurs in 'normal' spines only when disc degen­
eration is present. Nachemson (42) states that eventually all 
individuals will have degenerative changes in the discs. These 
changes are characterized by increased fibrosis in the nucleus 
pulposus and ruptures in the annulus fibrosis, yet it is impos­
sible to prove a direct relationship with LBP. He concluded that 
a prolapse is known to occur only in discs with anatomically 
degenerative changes. In a later study, Nachemson (43) observed 
that without a doubt the mechanical integrity of the inter- 
vertebral disc influences all the surrounding structures. There 
is a combined biomechanical and biochemical explanation for the 
occurrence of radiating fissures through the annulus to the 
posterior longitudinal ligament, particularly in the posterior 
part where the annulus is somewhat weaker.
TRUNK RANGE OF MOTION AND STRENGTH
Spinal ROM is a common measurement used in patient exam­
ination. Burton et al (12) undertook a study to determine
8whether lumbar mobility decreases with age. They tested the 
hypothesis that low-back trouble may be associated with either 
hypomobility or hypermobility of the lumbar spine. They con­
cluded that both extremes of lumbar sagittal mobility were found 
in low back sufferers and non-sufferers alike.
Spinal flexibility has been assumed to be such an important 
part of maintaining a healthy back that spinal ROM and strength 
measurements, as described by Batti'e et al (21) , have been 
proposed for use in ertployee screening in an effort to identify 
individuals thought to be at greatest risk for developing back 
problems. Their study demonstrated that the degenerative effects 
of aging are more pronounced in women than in men. Gomez et al 
(1) found a decrease in flexibility with age in the frontal plane 
only. McIntyre et al (3) looked at normal and LBP subjects to 
compare characteristics of preferred IBP motion. Their results 
clearly show that, compared with normal subjects, IBP patients 
preferred to flex and extend at a slower rate. They further 
hypothesized that either mechanical and/or pain-induced movement 
restrictions alter the degrees of freedom of motion available to 
IBP patients.
Trunk strength and ROM testing have been a focus for 
researchers and clinicians in recent years in an effort to 
improve the objectivity of clinical assessments of patients with 
IBP (1,10,15,34,48). Klien et al (36) compared conventional 
clinical measurements of trunk RCM and isometric trunk strength 
with electromyographic spectral measurements for identification
9of individuals with LBP. Twenty-five members of the Boston 
University mens' sweep team volunteered for this study. Clin­
ically the findings imply that, although RQVI and isometric trunk 
strength may be helpful markers of progress in a patient's 
rehabilitation, they are not identifying characteristics for 
individuals with LBP.
Back discomfort and disability following isometric strength 
testing motivated Zeh et al (18) to study 1,000 volunteers in an 
industrial back pain study. Statistical analysis indicated that 
a single exertion in a given position usually allowed fairly 
precise prediction of the subject's mean strength in that posi­
tion. However, strength in a position different from the test 
position was not predictable.
Beimbom et al (4) reviewed the different studies that have 
been performed to assess trunk muscle strength through 1987. All 
studies concerning spinal pain described in this article did not 
delineate specific pathology. There did seem to be a general 
agreement as to the relative ranking of the strength of the trunk 
muscle groups. Most of the authors agreed that trunk extension 
force is greater than trunk flexion force. Reid et al (10) 
disagreed with Beimbom (4) stating that the extensor muscles 
have a proportionally greater deficit than the flexors.
Batti'e et al (22) studied isometric lifting strength in a 
population of industrial workers who perform a great variety of 
manual tasks to determine whether isometric strength is predic­
tive of future back problems in such a population. Their results
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showed that isometric lifting strength testing was ineffective in 
identifying individuals at risk for back problems. They also 
concluded that gender and age had the greatest influence on 
strength measurements, with strength decreasing with age in both 
genders. The rate of decline with increasing age was greater in 
men than in women.
Pamianpour et al (35) established a database for dynamic 
trunk movement using nine subjects with no history of back pain. 
An isoinertial machine was used to apply the resistance, mean­
ing the resistance against which the trunk was moved remained 
constant throughout the range of motion (ROM) but the speed was 
variable. Resistance was applied in all planes of trunk motion 
against resistances equal to 30%, 50%, and 70% of the maximum 
isometric strength of trunk muscles. They found that ROVI was 
reduced in flexion-extension and lateral flexion at the higher 
resistance levels. The RCM of axial rotation was affected by the 
level of resistance more than flexion-extension and lateral 
flexion RCM.
Marras et al (48) studied the reaction of trunk muscles, 
using electromyography and intraabdominal pressure, to components 
of trunk loading commonly seen in the workplace during manual 
material handling. The results are helpful in understanding and 
appreciating how the trunk functions under more realistic situ­
ations. In the experiment they were able to isolate the reactions 
of the trunk muscles and intraabdominal pressure to trunk motion, 
trunk asymmetric position, exertion level, and combinations of
11
these factors. Most reactions resulted in increased coactivation 
between muscle groups. This study was able to quantify the added 
trunk muscle force associated with trunk concentric and eccentric 
motions. This added cost occurs primarily in the muscles other 
than the erector spinae group. Intraabdominal pressure activity 
decreased as trunk asymmetry increased, and was not affected by 
velocity level or load level.
Seeds et al (34) looked at torque and RQVI parameters
generated on the isotonic Isostation B-lOO by subacute low back 
pain patients two to seven days post injury. The results indi­
cated significant differences in the parameters presented between
normals and abnormals. Discrepancies were greater for females 
compared to males. Torque output was most significantly affected 
in the flexion/extension axis. RCM was most significantly 
affected in extension for both males and females.
Kishino et al (15) collected normative data on a dynamic 
isokinetic lifting device and compared a normal subject sample 
with a chronic LBP patient sample. The isokinetic technique 
involved having the individual apply maximal effort against a 
device that moved at a fixed velocity regardless of the force 
applied. The major advantage of isokinetics is that it does not 
permit acceleration of a weight through a convenient part of the 
lifting arc to avoid strength deficits in another part of the 
arc. They found that patients will initially lift gingerly using 
the "proper lifting technique" of bent knee and straight back 
taught to them by many industrial training and "back school"
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programs. Yet, when given permission to lift in the way that 
"feels right" and that permits most efficient lifting, patients 
may select any of several modes of lifting technique. Although 
general principles about lifting may be appropriate, it appears 
that the freedom for an individual to choose the lift position 
results in v e r y  different lifting patterns, which vary tre­
mendously among individuals. The individual may even change these 
patterns depending on the speed of lift, the size and shape of 
the object lifted, as well as the weight of the object.
Marras et al (45) suggest that individuals with low back 
impairment are not able to move and exert force about their 
bodies easily. Monitoring the velocity of normal and maximal 
trunk motion was felt by these authors to be a superior method to 
quantify differences and rehabilitation progress in patients.
They felt that changes in velocity were due to injury. The 
changes in velocity found were substantial and subject to less 
variability as compared with changes in ROVI, particularly in 
flexion and extension. They also noted that changes in flex­
ibility due to injury appeared to be a result of a protective 
guarding behavior. Engelberg (19) also found that pain, fear, 
acute spasm, or neuron inhibition decreased spinal movement.
Poor effort does not always indicate a conscious deception 
on the part of the patient. Most frequently it represents a fear 
of re-injury (15). Beimbom (4) concurs that pain can greatly 
hinder maximal effort on the part of the patient. Reid et al 
(10) observed that limited range of trunk flexion during iso-
13
kinetic trunk strength testing may be due to a subject's attempt 
to minimize static load on the spine. When asked to identify 
factors critical to their re-employment, patients in the study by 
Hazard et al (11) cited resolution of fear of re-injury and other 
psychosocial problems.
In a study by Marras et al (47), biomechanical factors of 
lifting frequency, load movements, trunk lateral velocity, trunk 
twisting velocity, and trunk sagittal angle were looked at to 
assess the contribution of 3-dimensional dynamic trunk motions to 
the risk of low back disorder during occupational lifting in 
industry. Their results indicated an association between the 
above mentioned biomechanical factors and the risk of low back 
disorder.
Summary
As noted by Anderson (20) , the lumbar spine is a complex 
structure, subject to a number of devastating dysfunctions. Most 
patients will present with a number of signs and symptoms so that 
one structure at one segmental level may appear to be the prin­
ciple immediate cause of the complaint, but other structures at 
the same or adjacent levels will inevitably be involved.
Research has found an association between an individual ' s 
risk of developing LBP and lifting frequency, load movements, 
trunk lateral velocity, trunk twisting velocity, and trunk sagit­
tal angle. Pamianpour et al (35) found that trunk rotation was
14
most affected by resistance. Trunk motion into extension was 
found to be most limited following injury while trunk flexion 
appeared to decrease secondary to protective guarding behavior. 
Yet, extremes in lumbar sagittal mobility have been found in both 
individuals with and without LBP. The affect that lumbar facet 
joint dysfunction has on IBP has received little attention.
PURPOSE OF STUDY
The puipose of this study was to investigate the effects of 
lumbar facet joint dysfunction on individual trunk movement 
characteristics, as measured by computerized range of motion 
testing on asymptomatic subjects.
15
CHAPTER 3 
METHODOLOGY
Subj ects
The subjects in this study were 40 volunteers (allied health 
professionals and secretarial staff from the Mercy Hospital cam­
pus in Muskegon, MI) . Subjects included 29 females and 11 males 
between 25 and 50 years of age. Persons with a history of spinal 
surgery, LBP within the past six months which required medical 
intervention, or any medical condition within the absolute or re­
lative contraindications for B-200 testing were excluded from the 
study (See Health Screen Form in Appendix A). One volunteer was 
excluded for falling outside the designated age range. The pur­
pose of the health screen form was to exclude any subj ect for 
whom participation might pose a risk. All eligible subjects then 
signed a consent form prior to testing (Appendix B) .
Equipment
Test equipment included the Isostation B-200 manufactured by 
Isotechnologies, Inc. (Hillsborough, NC, U.S.A.). The Isostation 
B-200 (Fig.l) is a triaxial dynamometer that measures angular 
position, angular velocity, and torque about the three primary 
movement axes of the low back. The machine is interfaced to a 
Compaq Personal Computer via an analog to digital convertor board
16
that samples nine channels of signals from the B-200 at a rate of 
50 Hz per channel. The computer is used to control the amount of 
resistance that is applied independently about each axis. 
Electronically regulated hydraulic pumps associated with each 
axis provide the resistance. The software collects and displays 
calibrated performance information for each axis (3). Equipment 
calibration procedures were performed according to the 
manufacturer's specifications.
The validity and reliability of the B-200 performance 
measures have been previously reported by several investigators 
( 3 , 2 4 , 3 5 ) .
7a
Fig.1:6-200
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Procedure
Each sub]ect was scanned for lumbar facet joint dysfunction 
from T10-L5 in seated forward flexion, in prone, and prone on 
elbows via palpatory exam by the same physical therapist. Find­
ings were recorded, by the therapist, on the Lumbar Facet Joint 
Dysfunction Screen Form (Appendix C) . The physical therapist had 
special training in manual techniques through participation in 
the Manual Medicine Program at Michigan State University. Lumbar 
facet joint dysfunction, as defined for this study, is the loss 
of vertebral motion. Dysfunction was assessed according to the 
guidelines for vertebral motion as described by Greenman (16). 
This method uses two paired comparable parts of the vertebral 
segment, the transverse processes, and follows their relationship 
through different positions of forward and backward bending. If 
both facet joints are functioning symmetrically, then the excur­
sion of the paired transverse processes is symmetrically anterior 
and superior in forward bending and symmetrically posterior and 
inferior in backward bending. When describing the motion that 
occurs between two adjacent vertebra reference is always made 
relative to the superior of the two motion segments. Based on 
the results of lumbar facet joint dysfunction screen (Appendix C) 
subjects were assigned to two groups. Group 1 comprised 25 sub­
jects, eight males and 17 females, who exhibited 0-2 levels of 
facet joint dysfunction. Group 2 comprised 15 subjects, three 
males and 12 females, who exhibited greater than 2 levels of
18
facet joint dysfunction. Following the scan for joint dysfunc­
tion, each subject was directed to the B-200 station where they 
were familiarized with the equipment. At this point, subjects 
were asked to flip a coin to determine which of two B-200 test 
sequences would be used (Appendix D) . Test sequence one was per­
formed as follows : 1) unresisted trunk motion was performed in 
rotation right and left, lateral flexion right and left, and 
flexion/extension, 2) isometric test of the trunk muscles and 
3) resisted trunk motion performed as in 1 at 25% of the sub­
ject's isometric strength. Test sequence two consisted of the 
same tests as test sequence one with a change in the order of the 
tests. Test sequence two was performed as follows : 1) isometric 
test of trunk muscles, 2) resisted trunk motion and 3) unresisted 
trunk motion. Another therapist, trained and experienced in 
testing subjects on the B-200, conducted all tests. This person 
was blinded as to the categorization of each subject.
Subjects were positioned in the B-200 in the standing po­
sition with the lumbosacral junction aligned with the flex­
ion/ extension axis of the machine and were firmly restrained 
according to the instructions provided by the manufacturer (46). 
Each subj ect performed test sequence one or two as determined 
above. All trunk motions were performed within the subject's 
level of comfort.
19
CHAPTER 4 
STATISTICAL ANALYSIS
The data generated by group 1 (0-2 levels of lumbar facet 
joint dysfunction) and group 2 (greater than 2 levels of lumbar 
facet joint dysfunction) were analyzed with the SAS statistical 
software package. The SAS program performed a t test for each 
trunk motion. A confidence level of p < 0.05 was used for 
significance.
HYPOTHESIS
The null hypothesis tested for there to be no difference in 
trunk movement characteristics between group 1 and group 2.
RESULTS
Table 1 outlines a comparison of nonrestricted right and 
left trunk rotation. Group 1 had a mean of 34.94 degrees for 
right rotation and group 2 had a mean of 34.71 degrees. For left 
rotation group 1 had a mean of 38.22 degrees while group 2 had a 
mean of 36.53 degrees. The difference in trunk rotation between 
the two groups was not significant at the 0.05 level.
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Table 1: Trunk Range of Motion for Nonresisted Rotation
Variable : Right Rotation
Group N Mean SD SE T DF Prob.
1 25 34. 94 6.28 1.24 0.11 29.6 0.91
2 15 34.71 6.21 1.60 0.11 38.0 0.91
For HO 
Prob.F
: Variances are 
' =0.96
equal, F' =1.00 DF =(14,24)
Variable: Left Rotation
Group N Mean SD SE T DF Prob.
1 25 38.22 5.76 1.52 0.77 24.6 0.45
2 15 36.53 7.22 1.86 0.82 38.0 0.42
For HO 
Prob.F
: Variances are 
” =0.42
equal. F' =1.57 DF =(14,24)
DF = degrees of freedom Prob. = probability > |T|
Table 2 displays a comparison, of right and left 
nonrestricted trunk lateral flexion. Group 1 had a mean of 38.47 
degrees for lateral flexion right and group 2 had a mean of 38.86 
degrees. In lateral flexion left, group 1 had a mean of 39.39 
degrees and group 2 had a mean of 36.32 degrees. The difference 
in trunk lateral flexion between the two groups was not 
significant at the 0.05 level.
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Table 2:Tmnk Range of Motion for Nonresisted Lateral Flexion
Variable: Lateral Flexion Right
Group N Mean SD SE T DF Prob.
1 25 38.47 5.24 1.05 -0.19 23.6 0.85
2 15 38.86 6.95 1.79 -0.20 38.0 0.84
For HO 
Prob.F
: Variances are 
' =0.22
equal. F' =1.76 DF =(14,24)
Variable: Lateral Flexion Left
Group N Mean SD SE T DF Prob.
1 25 39.39 6.60 1.32 1.16 23.3 0.26
2 15 36.32 8.90 2.30 1.23 38.0 0.22
For HO 
Prob.F
: Variances are 
' =0.19
equal. F' =1.82 DF =(14,24)
DF = degrees of freedom Prob. = probability > |T|
Table 3 presents results of trunk flexion and extension. 
Group 1 had a mean of 46.93 degrees for flexion while group 2 had 
a mean of 44.77 degrees. In extension, group 1 had a mean of 
33.01 degrees and group 2 had a mean of 33.89 degrees. Here 
again, the difference between group 1 and group 2 in trunk 
flexion and extension excursion was not significant at the 0.05 
level. Although not statistically significant, the mean value of
22
group 2 was 5% less than the mean value of group 1.
Table 3: Trunk Range of Motion for Nonresisted Flexion /Extension
Variable Flexion
Group N Mean SD SE T DF Prob.
1 25 46.93 6.88 1.38 1.04 32.9 0.31
2 15 44.77 5.99 1.55 1.01 38.0 0.32
For HO : Variances are equal. F' =1.32 DF =(14,24)
Prob.F' =0.60
Variable : Extension
Group N Mean SD SE T DF Prob.
1 25 33.01 3.29 0.66 -0.82 29.5 0.42
2 15 33.89 3.30 0.85 -0.82 38.0 0.42
For HO : Variances are equal. F' =1.01 DF =(14,24)
Prob.F' =0.95
DF = degrees of freedom Prob. = probability > |T|
Table 4 displays the results of trunk rotation at 25% of the 
subject's maximum strength. For resisted right rotation, group 1 
had a mean of 46.72 degrees and group 2 had a mean of 43.81 deg­
rees. In resisted left rotation, group 1 had a mean of 46.65 
degrees while group 2 had a mean of 43.83 degrees. Group 2
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showed a decrease in right rotation of 6.2% and 6.0% for left 
rota- tion. The difference in resisted trunk rotation between 
the two groups was not significant at the .05 level.
Table 4:Trunk Range of Motion for Resisted Rotation
Variable: 25% Resisted Right Rotation
Group N Mean SD SE T DF Prob.
1 25 46.72 23.93 4.79 0.47 37.8 0.64
2 15 43.81 15.17 3.92 0.42 38.0 0.68
For HO 
Prob.F
: Variances are 
' =0.08
equal. F' =2.49 DF =(24,14)
Variable : 25% Resisted Left Rotation
Group N Mean SD SE T DF Prob.
1 25 46.65 22.59 4.52 0.47 37.5 0.64
2 15 43.83 15.02 3.88 0.43 38.0 0.67
For HO 
Prob.F
: Variances are equal, 
” =0.12
F' =2.26 DF =(24,14)
DF = degrees of freedom Prob. = probability> |T|
Table 5 outlines trunk lateral flexion at 25% of the 
subject's maximal strength. Group 1 had a mean of 72.77 degrees 
for resisted right lateral flexion and group 2 had a mean of 
67.73 degrees. In resisted left lateral flexion, group 1 had a
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mean of 67.27 degrees and group 2 had a mean of 60.33 degrees.
In both cases group 2 had a decrease in trunk lateral flexion of 
6.9% to the right and 10.3% to the left. However the difference 
between the two groups was not significant at the . 05 level.
Table 5;Trunk Range of Motion for Resisted Lateral Flexion
Variable; 25% Resisted Right Lateral Flexion
Group N Mean SD SE T DF Prob.
1 25 72.77 36.08 7.22 0.54 37.9 0.59
2 15 67.73 22.71 5.86 0.48 38.0 0.63
For HO 
Prob.F
: Variances are 
' =0.08
equal, F' =2.52 DF =(24,14)
Variable: 25% Resisted Left Lateral Flexion
Group N Mean SD SE T DF Prob.
1 25 67.27 37.83 7.57 0.70 37.7 0.49
2 15 60.33 24.39 6.30 0.63
1
38.0 0.53
For HO : Variances are 
Prob.F' =0.09
equal. F' =2.41 DF =(24,14)
SD = standard deviation 
DF = degrees of freedom Prob. = probability > |T|
Lastly, Table 6 presents the results of resisted trunk 
flexion and extension at 25% of the subject's maximal strength. 
The mean value for group 1 was 69.82 degrees for resisted flexion
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and 61.10 degrees for group 2. In resisted extension, the mean 
value for group 1 was 98.91 degrees while group 2 had a mean of 
82.19 degrees. The mean value of group 2 was 12.5% less than the 
mean value of group 1 for resisted flexion and in resisted exten­
sion, and the mean value of group 2 was 16.9% less than the mean 
value of group 1. However, the difference between the two groups 
in resisted trunk flexion and extension was not significant at 
the .05 level.
Table 6: Trxmk Range of Motion for Resisted Flexion/Extension
Variable: 25% Resisted Flexion
Group N Mean SD SE T DF Prob.
1 25 69.82 50.68 10.14 0.71 37.6 0.48
2 15 61.10 26.92 6.95 0.61 38.0 0.54
For HO: Variances are equal, F' =3.54 DF =(24,14) 
Prob.F' =0.02
Variable : 25% Resisted Extension
Group N Mean SD SE T DF Prob.
1 25 98.91 48.91 9.78 1.35 38.0 0.18
2 15 82.19 29.15 7.53 1.20 38.0 0.24
For HO: Variances are equal, F' =2.82 DF =(24,14) 
Prob.F' =0.05
DF = degrees of freedomProb. = probability > |T|
26
Although not shown in this text further analysis of the data 
was performed using the nonparametric procedure, factor analysis, 
and multivariate analysis of variance. Results of these tests 
also revealed no difference in trunk movement characteristics 
between the two groups. The null hypothesis was accepted based 
on the results of the t test and further verified by the above 
mentioned statistical tests.
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CHAPTER 5 
DISCUSSION
The purpose of this study was to investigate the effects of 
lumbar facet joint dysfunction on individual trunk movement cha­
racteristics as measured by computerized range of motion testing 
on asymptomatic subjects. This study represents a part of a 
large body of research which is attempting to isolate factors 
that lead to and perpetuate the debilitating causes of LBP.
The results of this study indicate that greater than two 
levels of lumbar facet joint dysfunction, on an asymptomatic 
sample group, did not statistically reduce trunk ROVI on the Iso­
station B-200 when compared to a group with zero to two levels of 
facet joint involvement. This could be due to the testing equip­
ment lacking sensitivity to detect dysfunctional movement on a 
segmëhtai level. The B-200 measures position, torque, and velo­
city of the lumbar spine. It represents a valid and reliable in­
dicator of lumbar function that is capable of measuring bilateral 
multiaxial performance of the trunk from a reproducible neutral 
position of reference (2,3). The sensitivity of the B-200 in 
testing movement of individual lumbar segments has not been in­
vestigated.
A trend in altered ROM between the two groups was seen once 
resistance was added. Apparently the addition of resistance with 
trunk movement allowed the dysfunctional movement patterns to 
become evident. Group 2 consistently had mean scores below the
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mean scores for group 1 during the resisted trunk tests for 
rotation, lateral flexion and flexion/extension. This trend 
agrees with the findings of Seeds (34) and Pamianpour (35) who 
also reported reduced trunk RCM at resistance levels of 50 and 
70% of maximum isometric strength. Studying symptomatic sub­
jects Seeds (34) , Marras (45) and Jacobson (49) found trunk ex­
tension to be most significantly restricted or painful. Seeds et 
al (34) and Marras et al (45) agreed that in subacute LBP, range 
of motion was most effected in the sagittal plane as were the 
findings in this study.
Like this author, Gomez (2) felt there was reason to 
investigate symmetry of lumbar function from a diagnostic view­
point. Gomez used a triaxial lumbar dynamometer to measure the 
magnitude and laterality of asymmetry of trunk strength and move­
ment . He found no significant relationships between the trunk 
symmetry ratio and laterality of radiating symptoms. In con­
clusion, Gomez noted that an identifiable pattern and magnitude 
of asymmetry exists in the asymptomatic population and that al­
though the expression of this asymmetry is increased in the LBP 
population, its nature is not significantly changed. The asym­
metry in the LBP population was seen by Gomez to be an augmented 
expression of normal asymmetrical performance, with behavioral 
factors playing a role in its expression. Gomez stated that the 
results of his study emphasized the need to first study the asym­
ptomatic population before determining the importance of asym­
metry in a symptomatic population. In this study, 24 of the 40
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subjects had one or more levels of lumbar facet dysfunction. It 
would therefore appear that a certain degree of lumbar facet dys­
function is either normal, or accommodated for, by the body 
without causing pain.
The determination of subject grouping was set by the author. 
Group 1 with 0-2 levels of lumbar facet joint dysfunction was 
intended to represent a sattple with a minimal amount of lumbar 
dysfunction. Group 2 with greater than 2 levels of facet joint 
dysfunction was to represent a sanple with a larger degree of 
dysfunction. To determine if lack of statistical significance 
was due to the manner in which subjects were grouped the author 
examined the data using nonparametric analysis, multivariate 
analysis of variance and factor analysis. These tests all failed 
to show statistical significance of the data.
As noted by Anderson (20) , the lumbar spine is a complex 
structure, subject to a number of devastating dysfunctions. Most 
patients will present with a number of signs and symptoms so that 
one structure at one segmental level may appear to be the prin­
ciple immediate cause of the complaint, but other structures at 
the same or adjacent levels will inevitably be involved.
Burton et al (12) concluded that extremes of flexion and 
extension were found in hypomobile and hypermobile individuals.
Chronic LBP seldom seems to be the result of a single patho­
logic process with the lumbar spine (14).
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LIMITATIONS
The lack of statistical significance could be due to the 
paucity of subjects. Since a decrease in RQVI for group 2 was ob­
served in all directions, most notably flexion and extension when 
25% of maximal isometric resistance was added, a larger sample 
size might have yielded statistically significant results. The 
availability of subjects and time constraints were factors ef­
fecting sample size.
The resistance of 25% of maximal isometric strength on the 
second ROM test may have been too light to reveal trunk movement 
changes. Other studies that found a significant difference in 
trunk ROVI used 50-70% of maximum isometric strength. This author 
chose the 25% level in an effort to ensure that subject strength 
was not a factor in detecting dysfunctional movement patterns. 
Diagonal trunk patterns may have detected changes in trunk motion 
more readily than the use of isolated trunk movement patterns.
Although every attempt was made to ensure accuracy in the 
screening process, it is possible that consistency in scanning 
could have been a limitation since intratester reliability was 
not assessed.
CONCLUSIONS
The purpose of this study was to address lumbar facet joint 
dysfunction and the effects of isoinertial RCM testing on asymp­
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tomatic subjects. Results indicated that there were no signifi­
cant changes in trunk motion characteristics between group 1 with 
0-2 levels of lumbar facet joint dysfunction and group 2 with 
greater than two levels of lumbar facet joint dysfunction when 
performing trunk motion without resistance or against light re­
sistance (25% of maximal isometric force) , However, a consis­
tent trend was seen between the two groups when resistance was 
added into the testing of trunk motion. This trend was seen as a 
decrease in the mean ROI scores of group 2 as compared to the 
mean ROM scores of group 1. Had greater resistance or a larger 
sample size been used a significant difference might have been 
found.
Future studies are necessary to address the effect of facet 
joint dysfunction on isoinertial RCM testing. These studies need 
to test trunk motions with a larger number of subjects using 
higher resistances of 50% and 70% of maximal isometric resis­
tance. Testing should also include trunk movement in diagonal 
patterns as well as planar motions.
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APPENDIX A
Slab j ect ' s Name : 
Date :
HEALTH SCREEN FORM
I. Are you between the ages of 25 and 50 years of age? 
If "no", exclude.
Yes No
2 .
3.
4.
5.
6.
Do you have a prior history of low back surgery?
If "yes", exclude.
Have you had an MRI or CT scan of the spine?
If "yes", what were the results? (If "positive", exclude).
Do you have any pain, numbness, tingling, or weakness in 
either leg? If "yes", exclude.
Have you had an episode of back pain within the last six months? 
If "yes", are there any residual effects? (If "yes", exclude).
Medical Conditions: If "yes" to any, exclude, 
a. osteoporosis 
osteomalacia 
mechanical instability 
angina
acute vertebral fracture 
acute rib fracture 
spondylolisthesis 
retained internal fixation devices 
(i.e. Harrington Rod) 
rheumatoid arthritis 
infections in the spinal area 
Paget's disease 
hyperparathyroidism 
abdominal aortic aneurysm 
abdominal hernia 
congestive heart failure 
respiratory insufficiency 
anticoagulant therapy 
history of intracranial hemorrhage 
status-post sternotomy 
t. claustrophobia
b.
c.
d.
e.
f.
g.
h.
i.
j.
k.
1 .
m.
n
o
P
q
r
s
Yes No
Yes No
Yes No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
Subject Status: ACCEPTED EXCLUDED (note:
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APPENDIX B
CONSENT FORM
I,_____ , freely and voluntarily agree to
participate in this research project under the direction of Mary 
Parks, to be conducted at Mercy Rehabilitation Center.
I understand that:
1. this study is being done in order to help determine the 
effect of joint dysfunction in the lumbar spine on back 
movement.
2. prior to the actual testing, I will be required to complete 
a written health form for any condition which might exclude 
me from further testing.
3. the risks involved with this testing are minimal, however, 
should I experience any discomfort in any way I am free to 
withdraw from the testing at any time without prejudice 
from the research team.
4. I have been selected for this study because I am relatively 
healthy, have not had back pain for at least six months, and 
have never had any back surgery.
5. my participation in this study is voluntary and the informa­
tion I provide will be kept strictly confidential.
6. in the unlikely event of minor injury, financial compensa­
tion is not available. I also understand that if medical 
care is required, it will take place under the direction of 
my physician, in accordance with my own particular financial 
arrangements.
Participant statement
This study has been e:>q)lained to me and I voluntarily consent to 
participate in this study. I have had the opportunity to ask 
questions.
Participant Signature Date
Investigator Signature Date
APPENDIX C
LUMBAR FACET JOINT DYSFUNCTION SCREEN
Subj ect ' s Name : 
Date:
38
Flexion (sitting) Neutral (prone)
HMB — R
TIO TIO
T il T il
T12 T12
LI LI
L2 ! L2
L3 L3
L4 L4
L5 L5
Extension (prone press back) 1j No. of dysfunctions:
L
TlO
T il Group 1 (0-2)
T12
LI (circle one)
L2
L3 Group 2 (> 2 )
L4
L5
APPENDIX D
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B - 200 ROM TEST
Subj ect's Name : 
Date :
Coin Toss:(circle one) [test order determination]
HEADS (RCM I, Isometric, RCM II) 
TAILS (Isometric, ROM II, ROM I)
Orientation to the B-200
Warm-up
ROM sequence one (Resist: 1/1/1. Test desc.#: 1)
Rotation R L
cal locks].
Lateral Flexion R L
FIexion/Extension R L
Isometric (Resist: 63/118 
Test desc.#: 2)
/63 [instaill mechani
Rotation R L 25%max
Lateral Flexion R L 25%max
■ FIexion/Extension R L 25%max
ROM sequence two (at 25% isometric)
Rotation R L
Lateral Flexion R L
Flexion/Extension R L
